The specific-heat curve corresponding to order-disorder equilibrium is derived from the nearest neighbour model by means o f the general theory o f correlations in a lattice. For a lattice in two dimensions the resulting thermodynamic energy is an algebraic expression; for a lattice in three dimensions the thermodynamic energy is found by numerical methods. The cv curve has a broad maximum and has no resemblance whatever to the experim ental cv curve. The reasons for this discrepancy are discussed.
In this P art II the matrix theory of correlations as given in the preceding paper is applied to the order disorder equilibrium such as is known to exist in /?-brass.
The system is represented by the nearest neighbour model which is recalled briefly in the following. A binary alloy is considered which forms a simple quadratic or cubic lattice. The ratio of atoms of either kind is assumed to be variable; the resulting specific heat curve applies also to an equimolecular alloy. The energies of vibration and arrangement are assumed to be independent and the latter only is taken into account. Every configuration has equal statistical weight. The energy is assumed to be equal to the sum of bond energies between nearest neighbours. Every bond between atoms of the same kind contributes the positive energy < j), the other bonds contributing 0.
From this model the specific heat a t constant volume* will be derived wdthout introducing additional assumptions or dubious approximations. In a preliminary note (Eisenschitz 1941) the result has been given for the lattice in two dimensions. In this paper the calculation is carried out for the lattice in two and three dimensions.
T h e l a t t i c e i n t w o d i m e n s i o n s
In order to apply the general theory an appropriate domain has to be chosen. A square of four lattice points which are nearest neighbours is taken as domain. The bonds between these lattice points are denoted by a, b, c, d (figure 1). Since every bond is shared by two domains, it con tributes to the energy of the domain the energies 0 or re spectively.
The configurations of the domain are found by distributing atoms of two kinds in all possible ways over the corners of the square. Sixteen different configurations are obtained in this way. If, however, the configurations are specified in terms of bond energies, th e number of configurations is reduced to eight. This specification is * The theory is not concerned with the stability o f the superlattice.
[ 260 ] Figure 1 sufficient for calculating the thermodynamical energy. The eight configurations of the domain are shown in figure 2 in which a dot denotes the lattice point and a line denotes a bond, the energy of which is equal to |0 . In figure 3 a configuration of a section of the lattice is shown. Every square corre sponds to one domain. The two adjacent sides of neighbouring squares correspond to one and the same bond; if one of these sides is marked by a line, the other is necessarily also marked. A pattern of this kind is a picture of the fictitious lattice which is introduced in P art I, § 3 ; one square is the ' cell' of the fictitious lattice. In order to specify the configurations of the cell without reference to the figure they are denoted by symbolic product of a, b, c, d to which every bond having the energy \4> contributes its symbol:
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The configurations are referred to as ' a-configurations ' and ' non-a-configurations ', etc., if there is or is not an 'a ' in the symbolic product by which they are denoted. The energies of the configurations (expressed as multiples of 0 ) and their probability coefficients are
Two cells with the co-ordinates x and x + 1 ('^-neighbours') are sharing one bond which is the c-bond of the first and the a-bond of the second cell. The second cell necessarily occupies an a-configuration when the first occupies a c-configuration, and the second occupies a non-a-configuration when the first occupies a non-cconfiguration. Two cells with the co-ordinates y and + 1 are sharing one bond which is the d-bond of the first and the 6-bond of the second cell. The latter occupies a 6-configuration when the first occupies a ^-configuration and the latter occupies a non-6-configuration when the first occupies a non-d-configuration. The probability coefficient of any configuration of a pair of neighbouring cells is obtained by m ulti plying the corresponding probability coefficients of the two cells.
These are the rules of composition, from which the configurations of the lattice and their probability coefficients are subsequently derived. In the terminology as used in Part I, § 3 the configurations cA are in four different ways divided into classes: 
The matrix D{x)n contains obviously all those power products of a, 6, c, which correspond to the possible configurations of an a>chain of n cells and the matrix G(x)n contains the corresponding probability coefficients.
It is readily verified that G(x) is a ^-m atrix as defined in Part I, § 3. Its proper values are denoted by G' and G" and, writing Ggh for G(x)gh, equal to
bo far the references to the general theory are readily verified from the model. In the following such verification would be possible only by an almost word by word repetition of the general theory. As examples for the main notions of the theory we give expressions for the numbers Rfi, the mean probability coefficients p\ and the matrix H(y). Only the latter enter into the result.
The configurations of the £-chain may be specified by the populations of the con figurations cx...c8 which are denoted by n Rfj which are introduced in Part I, § 5 are expressed in terms of the numbers rA:
The function of distribution of the chain configurations with assigned values of Rfx, Rf2, R£x, R£ is denoted by U(nRfj, tion is independent of the position of those cells which may occupy the con figurations cx or c6 and in a similar way independent of the positions of the other cells. On this fact the result is based which is given in P art I, equations (21) and (22). These equations are evaluated in the following.
According to P art I, equation (18), the mean probability coefficients for a cell th at is sited within an x-chain are
By substituting j/x for px in the matrix G(y), the matrix H(y) is obtained:
By calculating the proper values of H(y) it may be readily verified th at it is a (r-matrix, which fact is essential for the validity of the result. The function of distribution for a cell that is sited within the lattice is equal to H \ the higher proper value of the matrix H(y). H' depends explicitly on t and upon and £2 which are also functions of t. By substituting in £x and £2 a new variable Q for t we obtain H' as function of t and 6 . According to Part I, equation (22), and putting e = 0, E,the thermodynamic energy per cell (which is equal to the dynamic energy per atom), is found
E = <t>.t(d\ogH'jdt).
H' is calculated by solving the characteristic equation of the matrix H{y) and expressing and £2 as functions of 6 .
The specific heat curve which follows from this equation is given in figure 5 . It is discussed in § 4 together with the specific heat curve of the lattice in three dimen sions.
R. Eisenschitz 3 . T h e l a t t i c e i n t h r e e d i m e n s i o n s
The cell of the fictitious lattice is a cube the bonds of which are denoted by A ( figure 4) +*i2(ii, n , ii), and according to equation (22) The remaining diagonal elements are equal to wliile the non-diagonal elements are vanishing.
If t1 , then r is approximately diagonal so th at the required transformation is infinitesimal. The matrix of transformation is equal to
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where N x... Nb are factors of normalization which do not enter into the final result. If t -1, then U"~xrU" is diagonal. U" is used accordingly for all values of t as By numerical calculation it was checked th at G(x), H(y) and are Cr-matrices. As example for the error due to the method of approximation the transformation of H ( y ) is given for t = 0-83527, the temperature where the specific heat has its maximum.
The symmetric matrix 

R. Eisenschitz
The ratio of the largest non-diagonal elements to the difference of the two highest diagonal elements is about 7 %. This shows th at the two highest proper values are distinct and that H(y) is a (r-matrix.
. D i s c u s s i o n
I have previously (1938) investigated the effect of thermal expansion on the specific heat of /?-brass. It was found th at small volume changes appreciably affect the specific heat. The theory of Bragg & Williams (1934) was shown to agree with experiments if the volume change is taken into account.
Special attention was given to the specific heat immediately beyond the A-point. It was shown generally that the nearest neighbour model cannot account for any singularity of the specific heat at constant volume. Since the theory of Bragg & Williams gives a discontinuity of the specific heat, I tentatively introduced a modi fication of the theory. This part of the paper was criticized by Bethe & Kirkwood (1939) . Neither my modification of the theory of Bragg & Williams nor the argu ments of Bethe & Kirkwood can claim to be the correct consequence of the nearest neighbour model.
The correct specific heat at constant volume is obtained in this paper in § § 2 and 3 and given in figure 5 as function of temperature; in this figure the curves 1, 2, 3 refer to the chain in one dimension and the lattice in 2 and 3 dimensions respectively. These curves show no similarity to the A-form of the experimental cp curve.
F igure 5
This discrepancy may be due to the effect of thermal expansion or, alternately, may indicate that the nearest neighbour model is inaccurate. Good (1941) has measured the elastic constants of /?-brass near the A-point. By using his compressibility and the experimental coefficient of thermal expansion a rough estimate of cp -cv has been made; the difference appears to be too small to account for the discrepancy. Good states, however, th at the accuracy of his com pressibility is not very great. A marked difference between the cp and cv curve has been found for NH4C1 at the A-point by Lawson (1940) . His c" curve has a flat and broad maximum.
The theory of the cp curve involves two functions which have to be introduced in addition to the general assumptions of the nearest neighbour model: the bond energy of atoms of the same kind and of atoms of different kinds as function of volume. W ithout making artificial assumptions on these energy curves it can be shown th at the specific heat may be very sensitive to volume changes; a broad maximum of the cv curve is, however, transformed into a broad maximum of the curve which shows no similarity to the experimental A-curves.
If it is assumed th at the two energy curves intersect at a certain volume the specific heat at constant pressure has a A-point even if the cv curve has a flat m axi mum. This assumption seems to account for the discrepancy between theoretical and experimental specific heat; the experimental data as available are not sufficient to check it.
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